Introduction {#S0001}
============

Hydatid disease is the most common cause of pulmonary cysts in endemic countries. A lack of satisfactory preventive medicine increases the incidence of the disease. Hydatid cysts carry a risk of rupture, which may lead to several complications. Surgery is normally the most effective method for treating pulmonary hydatid cysts. On the other hand, albendazole treatment is the most commonly used regime for pre- and post-operative antihelminthic treatment and for inoperable hydatid cysts. There is a tendency among physicians to treat parasitic diseases with medical therapy, especially in the case of pediatric patients, but it is also very well known that this strategy may lead to preoperative complications and delay the definitive surgical therapy. It must be taken into consideration that postoperative morbidity may also be related to preoperative albendazole treatment.

Aim of the study {#S0002}
================

The aim of this study is to show the mechanical effect of preoperative albendazole treatment on the cuticular membrane and investigate the role of albendazole treatment on the tensile strength of pulmonary hydatid cyst structures.

Material and methods {#S0003}
====================

The study included 44 patients operated on between January 2009 and November 2010 with the diagnosis of hydatid cyst of the lung. All the patients consented to all scientific research before the treatment and the operations.

All the patients were evaluated by chest X-ray and computed tomography (CT) scans of the chest. Moreover, ultrasonography of the abdomen was carried out before the operation in order to determine whether hydatid cysts were present in the liver.

The patients were divided into two groups according to their preoperative albendazole administration. In group A, the patients received 3 cycles of preoperative albendazole treatment of 10 mg/kg per day for their concomitant hydatid disease. In group B, the patients were operated on without the preoperative administration of albendazole.

Tensile stress tests were carried out *ex vivo* on freshly excised cuticular membranes from both groups. The breaking force was recorded in kilograms and was defined as the maximum force that the strips could withstand before failure.

We used a tensiometer which was designed to test the tensile strength of medical sutures (manufactured by Mark-10, model MG50). The machine is designed as a mechanical device for testing sutures with regard to predetermined pulling. A cuticular membrane segment is mounted in the tensile testing machine, and a 2-0 monofilament suture with an atraumatic needle is passed through each wall at a distance of 2 mm from the end ([Fig. 1](#F0001){ref-type="fig"}). The suture is then pulled at a constant rate until the cuticular membrane ruptures. The resulting peak force is measured in kilograms and then converted to newtons.

![Photograph of the tensiometer that was used in the study](KITP-11-22550-g001){#F0001}

Statistical analysis {#S20004}
--------------------

Statistical Package for the Social Sciences (SPSS) version 19 was used for analyzing the data. The compliance of quantitative variables with the assumption of normal distribution was examined by the Kolmogorov-Smirnov test. The analyses of the variables which were assumed to have normal and abnormal distributions were conducted by utilizing parametric and nonparametric statistical methods, respectively.

The parametric independent samples *t*-test and the Mann-Whitney *U* test were implemented for the pairwise comparisons of the independent groups. The associations among the categorical variables and numerically coded qualitative variables were examined by using Kendall\'s tau-b test and Fisher\'s exact test, respectively. The descriptive statistics of the quantitative variables were reported as means, standard deviations, medians, minimums, and maximums, while the qualitative variables were summarized as counts (*n*) and percentages (%). The obtained statistics were reported with their 95% confidence intervals, and the analysis results with the value of *p* \< 0.05 were considered as statistically significant.

Results {#S0005}
=======

There were 17 patients having 20 cysts (41%) in the albendazole group (group A), of whom 11 were female (35%) and 6 were male (17%). The mean age of group A patients was 38.6 years (range: 21-61). In the non-albendazole group (group B), there were 27 patients: 14 female (52%) and 13 male (48%) with 29 cysts (59%) ([Figs. 2](#F0002){ref-type="fig"}, [3](#F0003){ref-type="fig"}). Their mean age was 37.9 years (range: 17-67).

![Chest X-ray of a giant cyst in the non-albendazole group](KITP-11-22550-g002){#F0002}

![Computed tomography scan of the patient presented in [Figure 2](#F0002){ref-type="fig"}](KITP-11-22550-g003){#F0003}

The most common symptom in group A was chest pain, while in group B it was coughing. Other symptoms included hemoptysis, fatigue, dyspnea, vomiting, and hydatoptysis. The percentages of symptomatic patients in groups A and B were 80% and 82.7%, respectively (*p* = 0.716).

In group A, all the patients underwent drainage-capitonnage or cystectomy. Pleurectomy and decortication without lobectomy were required in 2 patients (17%). In group B, on the other hand, 2 patients (7%) required lobectomy, and the remaining 25 patients underwent drainage-capitonnage or cystectomy. Pleurectomy with decortication was performed in 7 of these patients (26%). The clinical characteristics of both groups are presented in [Table I](#T0001){ref-type="table"}.

###### 

General characteristics of the patients

  Variable                           All patients   Albendazole group   Non-albendazole group   *p* value
  ---------------------------------- -------------- ------------------- ----------------------- -----------
  Age (mean ± SD)                    38.3 ± 13.4    38.6 ± 14.0         37.9 ± 12.8             0.871
  Sex (male/female)                  19/25          6/11                13/14                   --
  Cysts                              49             20                  29                      --
  Perforated/non-perforated          14/35          6/14                8/21                    1.0
  Cyst diameter \[cm\] (mean ± SD)   6.1 ± 3.5      7.4 ± 3.6           4.1 ± 2.3               0.069
  Symptoms                           11             5                   4                       0.716
  Concomitant disease                                                                           
    Liver                            11             11                  --                      --
    Spleen                           2              2                   --                      --
    Heart                            1              1                   --                      --
  Recurrent disease                  2              2                   --                      --

SD -- standard deviation

The values of tensile strength of the cuticular membranes excised in group A were lower than those of the patients in group B, and the difference was statistically significant (*p* \< 0.001) ([Table II](#T0002){ref-type="table"}). The tensile strength values of the perforated cysts were also lower than those of the non-perforated (intact) cysts, and the difference proved to be statistically significant (*p* = 0.001) ([Table III](#T0003){ref-type="table"}). The ratio of cyst rupture was higher in group A (5/20 in group A vs. 8/29 in group B), but not significantly different (*p* = 1). The tensile strength of the cuticular membranes did not decrease as the diameter of hydatid cysts increased (*p* = 0.069).

###### 

Tensile strength measured for the two study groups

  Variable                Tensile strength \[newtons\]                               
  ----------------------- ------------------------------ ------ ------ ------ ------ ----------
  Albendazole group       1.76                           0.13   1.80   2.00   1.50   \< 0.001
  Non-albendazole group   2.04                           0.19   2.00   2.40   1.70   

SD -- standard deviation, max. -- maximum, min. -- minimum

###### 

Tensile strength measured for perforated and non-perforated cysts

  Variable               Tensile strength \[newtons\]                               
  ---------------------- ------------------------------ ------ ------ ------ ------ ----------
  Non-perforated cysts   1.99                           0.21   2.00   2.40   1.60   \< 0.001
  Perforated cysts       1.76                           0.17   1.80   2.00   1.50   

SD -- standard deviation, max. -- maximum, min. -- minimum

Discussion {#S0006}
==========

Surgery is presently the definitive treatment method in the majority of pulmonary hydatid disease cases, but the benign parasitic nature of the disease may lead health professionals to attempt to cure the disease with medical therapy. Medical treatment with albendazole for *Echinococcus* infection is described in different studies, and the cure rates are estimated at between 34% and 57% \[[@CIT0001], [@CIT0002]\]. The compounds of benzimidazole lower the glycogen levels by interfering with glucose absorption through the hydatid cyst membrane. The endoplasmic reticulum and mitochondria of germinal cells undergo degenerative changes, while cellular autolysis arises from the increase in lysosome number and activity \[[@CIT0003]\]. Certain researchers have found the presence of albendazole sulfoxide, which is the principal metabolite of albendazole in the cyst fluid. Patients who were treated for more than 24 hours had high concentration levels of this metabolite \[[@CIT0004]\]. The cyst can continue to be viable despite a high concentration of albendazole in the serum and cyst fluid; moreover, protoscoleces maintain their viability in dead cysts \[[@CIT0005]\]. The membranes remaining in the lung become a source of infections, even after the death of the parasite \[[@CIT0006]\]. The germinal layer may remain intact or only partially damaged between the third and the fourteenth day of ongoing treatment \[[@CIT0005]\].

Several studies have reported the rupture of the hydatid cyst during or after albendazole treatment \[[@CIT0004]--[@CIT0007]\]. The rupture of the cyst may lead to several complications. The rupture of the hydatid cyst into an adjacent bronchus may be indicated by coughing and expectorating significant amounts of salty sputum and hydatid fluid, as well as fragments of the laminated membrane. Moreover, a complete tracheal obstruction by the fragments of the hydatid membrane can cause sudden and severe dyspnea, which may be followed by suffocation and death. The patient may undergo a severe hypersensitivity reaction, displaying symptoms of generalized rash, high fever, bronchospasm, and pulmonary congestion \[[@CIT0008]\]. Severe hemoptysis requiring urgent surgery and life-threatening hypersensitivity reactions resulting from cyst rupture during albendazole treatment are also reported \[[@CIT0002]--[@CIT0009]\]. Wen and Yang write that antihelminthics weaken the cyst wall, thus increasing the possibility of rupture. Among 21 patients with hydatid disease, who underwent albendazole treatment, the said researchers found a 77.3% incidence of cyst rupture \[[@CIT0001]\]. Keramidas *et al*. reported a 30% complication rate after albendazole treatment for large pulmonary cysts: most of the complications presented approximately two months after the beginning of treatment, and all the affected patients required surgical therapy \[[@CIT0010]\]. They also found that suturing the ruptured bronchi was especially difficult due to coexisting infection; this situation resulted in air leakages in three patients during the early postoperative period. We have also faced the same complication in our patients who received albendazole treatment before the operation.

In this study, the tensile strength of the membrane decreased in the albendazole group, leading to weakening of the mechanical durability of the membrane. This, in turn, might lead to cyst rupture and result in fatal complications. The tensile strength values of the membrane were also lower in the perforated cysts, which supports the hypothesis of the study.

Conclusions {#S0007}
===========

Preoperative albendazole treatment weakens the walls of pulmonary cysts and might cause their rupture, resulting in complications; it should not, therefore, be applied to patients who are candidates for surgical treatment. Albendazole may be administered to patients with ruptured or multiple cysts preoperatively, or it can be applied postoperatively to patients having a risk of intraoperative spillage or patients with giant cysts to prevent recurrence.
